It has been well documented that bile acids are formed in the liver from cholesterol and its constituents and/or outflow from the liver are readily altered by various hepatic disturbances. Although the introduction of gas-liquid chromatography (GLC) to the separation of bile acids greatly enhanced the advance of biochemistry of bile acids, the stationary phases previously described (1, 2) are not satisfactory for the separation of biliary bile acids in rats. Thin layer chromatographic separations (3, 4) revealed that the rat bile contains species specific trihydroxy bile acids such as a-muricholic acid (a-MCA), (3-muricholic acid ((3-MCA), w-muricholic acid ((o-MCA) and hyocholic acid (HCA), in addition to cholic acid (CA), chenodeoxycholic acid (CDCA), deoxycholic acid (DCA), lithocholic acid (LCA), hyodeoxycholic acid (HDCA) and ursodeoxycholic acid (UDCA) which are also detectable in other mammalian species. It has been reported, however, that the Silicon QF-1 column with bile acid methyl ester trifluoroacetate which is widely used as a stationary phase for GLC is unsatisfactory for separating / -MCA from CA and the peak identified as a-MCA by this method is further separable into three different peaks (5) . On the other hand these trihydroxy bile acids, which are difficult to separate by the conventional GLC using Silicon QF-l column, are considered to be drastically altered under certain pathological conditions (6) . These results clearly indicate that the establishment of new GLC procedures capable of separating these trihydroxy bile acids is necessary for the pharmacological studies on biliary bile acids in rats.
In this report we describe a new GLC procedure using Silicon AN-600 (25 % cyanoethyl silicon) as the liquid phase and methyl ester acetyl derivatives of bile acid (7) which is suitable for above purposes. A Shimadzu GC-4BM gas chromatograph equipped with a flame ionization detector was employed. The silanized glass column (3 mm i.d. x I m) was packed with 1.5% AN-600 coated on the solid support Gas Chrom Q (100-120 mesh). The temper ature of injection and detector chambers was kept at 330°C. The temperature of the column oven was increased from 220'C to 260'C with the programming rate of 1 °C/min. The flow rate of carrier gas N2 was 50 ml/min. A proper quantity of authentic bile acids, CA, CDCA, DCA, LCA, HDCA, a-MCA, (3-MCA and HCA, was methylated with freshly pre pared diazomethane and acetylated by heating with acetic anhydride at 140'C for 4 hr (8).
After evaporation of the reagent, the residue was dissolved with acetone (0 .2 ml) con taining cholesteryl caproate (0.1 mg) as an internal standard and subjected into GLC. Fig. 1-(a) shows a typical gas chromatogram of the authentic bile acids mixture. Good separation of the eight bile acid methyl ester acetates was achieved using this AN-600 column.
These bile acids also gave symmetrical peaks. The use of cholesteryl caproate as an internal standard was considered to be suitable for the GLC analysis, because it is not present in the rat bile and is completely separated from all other bile acids present in the bile. Plotting the peak area ratio (the peak area of bile acid tested v.s. that of a fixed amount of the internal standard) against varying amounts of bile acid yielded a straight line for each bile acid and each line passed through the origin ( Fig. 1-(b) ).
FiG. 1. (a)
GLC analysis of methyl ester acetate derivatives of authentic bile acids and cholesteryl caproate as an internal standard using AN-600 column. (b) Linear relationships between amounts of bile acid and peak area ratios (peak area against to that of internal standard).
To examine whether or not this GLC procedure is applicable to biological materials, similar assays were employed on the rat bile . Male Wistar rats weighing approximately 200 g were anesthetized with sodium pentobarbital (50 mg/kg , i.p.) and the bile duct was cannulated with a PE-10 polyethylene tube to collect bile for 30 min . The bile samples were percolated through a Amberlite XAD-2 resin column (1.6 cm i.d. x 10 cm) and bile acids were eluted with methanol (9) . The bile acids were hydrolyzed by cholylglycine hydrolase (Clostridium Welchii acetone powder, type IV: Sigma Chemical Co.) and then extracted with ether after acidification (10) . The ethereal extracts were methylated and acetylated as previously described (8) . As shown in Fig. 2 , not only LCA, DCA, CDCA and CA, but also a-MCA and Q-MCA in the rat bile were clearly separated . These results indicate that this new GLC procedure is also applicable to biliary bile acid and is superior to the con ventional GLC method using Silicon QF-1 column (1, 2) in terms of the separation of w and 19-MCA. The bile acids which were identified and the amounts found by this new GLC method (the mean value obtained from three normal rats) were: LCA; trace , DCA; 0.32 mg/ ml, CDCA; 1.4 rng/ml, HDCA and UDCA 0 .38 mg/ml, CA; 5.5 mg/ml, a-MCA; 0.88 mg/ml, and (3-MCA; 0.48 mg/ml, respectively. On this AN-600 column , however, 7-keto LCA was not separated clearly from HDCA and UDCA and there was also a poor separation among 7-keto-DCA, (,)-MCA and a-MCA. However, 7-keto-LCA, 7-keto-DCA and (o-MCA are minor components which are negligible in the case of rat bile (5, 11) .
It is worthy of note that in the rat bile, we detected peak A (in Fig. 2 ) for which we have no explanation at present. This component seems to be a major constituent of the rat bile and probably is not a by-product formed during the treatments with diazomethane and acetic anhydride, since the peak A is absent in the chromatogram of the authentic bile acids mixture ( Fig. 1-(a) ). Furthermore, the possibility that this peak A is formed during the procedure of enzymatic hydrolysis may also be excluded because this component was detectable in not only taurine and glycine-conjugated fractions, but also in unconjugated fractions which are separated by ion-exchange chromatography on piperidinohydroxypropyl Sephadex LH-20 (PHP-LH-20) (12) . Studies to determine the chemical identification on this peak A are in progress in our laboratory.
In conclusion, this new GLC procedure using Silicon AN-600 column is applicable for quantitative assay of rat bile acids, and accurate measurements can be made on the specific trihydroxy bile acids such as a-MCA and i9-MCA.
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